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ABSTRACT 

Context. We present deep archival VLT/FORS1+UVES spectroscopic observations of the system of two blue compact dwarf (BCD) 
galaxies SBS 0335-052E and SBS 0335-052W. 

Aims. Our aim is to derive element abundances in different H II regions of this unique system of galaxies and to study spatial 
abundance variations. 

Methods. The electron temperature T e (0 III) in all H II regions, except for one, is derived from the [O III] /14363/(/14959+/15007) 
flux ratio. We determine ionic abundances of helium, nitrogen, oxygen, neon, sulfur, chlorine, argon and iron. The empirical relations 
for ionization correction factors are used to derive total abundances of these elements. 

Results. The oxygen abundance in the brighter eastern galaxy varies in the range 7.11 to 7.32 in different H II regions supporting 
previous findings and suggesting the presence of oxygen abundance variations on spatial scales of ~ 1 - 2 kpc. Good seeing during 
FORS observations allowed us to extract spectra of four H II regions in SBS 0335-052W. The oxygen abundance in the brightest region 
No. 1 of SBS 0335-052W is 7.22 ± 0.07, consistent with previous determinations. Three other H II regions are much more metal-poor 
with an unprecedently low oxygen abundance of 12 + log O/H = 7.01 ± 0.07 (region No. 2), 6.98 ± 0.06 (region No.3), and 6.86 ± 
0.14 (region No.4). These are the lowest oxygen abundances ever derived in emission-line galaxies, supporting earlier conclusions 
that SBS 0335-052W is the lowest-metallicity emission-line galaxy known. Helium abundances derived for the brightest H II regions 
of both galaxies are mutually consistent. We derive weighted mean He mass fractions of 0.2485±0.0012 and 0.2514±0.0012 for two 
different sets of He I emissivities. The ratios of neon and sulfur to oxygen abundance are similar to the respective ratios obtained 
for other emission-line galaxies. On the other hand, the chlorine-to-oxygen abundance ratio in SBS 0335-052E is lower, while the 
argon-to-oxygen abundance ratio is higher than those in other low-metallicity galaxies. The Fe/O abundance ratios in different regions 
of SBS 0335-052E are among the highest for emission-line galaxies implying that iron is almost entirely not depleted onto dust grains 
despite dust being detected in this galaxy in earlier ISO and Spitzer observations. The N/O abundance ratio in both galaxies is slightly 
higher than that derived for other BCDs with 12 + log O/H < 7.6. This implies that the N/O in extremely metal-deficient galaxies 
could increase with decreasing metallicity. 
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1 . Introduction in a large H I cloud (66 by 22 kpc) and constitute a pair (sepa- 
rated by 22 kpc) of physically related galaxies. 

The pair of extremely metal-deficient blue compact dwarf 

(BCD) galaxies SBS 0335-052E and SBS0335-052W plays a First abundance determinations of the brightest knot of 
key role in understanding physical conditions in the interstel- SBS 0335-052E inferred a very lo w oxygen abundance in 
lar medium, star formation, and stellar evolution at very low the range 12+logO/ H = 7.0 - 7.3 dlzotov et al. L Il990albllcl 
metallicity. The first spectroscopic observations and abundance iMelnick et ai7l ll992l) . implying that it is one of the most metal- 
determinations of the brighter eastern g alaxy were completed deficient BCD known. Later spectroscopic studies of SBS 0335- 
~ 20 years ago dlzotov et al. L Il990allbllch . The fainter west- 052E indicated that the oxygen abundances of the brightest 
ern galaxy was di s covere d and spectroscopically studied first regions are 12+ l ogO/H -7.3 dlzotov et al. L Il997bl l2006ah 



bv iPustilnik et al. I d 19971) . Based on the VLA H I mapping iPapaderos et al. L 120061) . They also detected variations in the 



IPustilnik et al. I d200 ll) "showed that both galaxies are embedded oxygen abundance in the range of 12+logO/H = 7.1 - 7.3 on 

spatial scales of ~ 1 - 2 kpc. On the other hand, the oxygen 

abundan ce in SBS 03 3 5-052 W is lower yet, 12+logO/H = 7.12 

Send offprint requests to: Y.I. Izotov, izotov@mao.kiev.ua ± 003 dlzotov et al. [ |2005|), making it the lowest-metallicity 
* Based on observations collected at the European Southern emission-line galaxy known to date. For comparison, the oxy- 
Observatory, Chile, ESO program 69.C-0203(A), 7 l.B-0055(A)), 70.B- gen abundances in the second and third most metal-deficient 
0717(A) and 68.B-0310(A). galaxies DDO 68 (sS DSS J0956+2849) and I Zw 18 are re- 
Tables 1 - 8 are only available in electronic form in the online edi- spectively, 7.14 + 0.03 dlzotov & Thuan l|2007|) and 7. 17 + 0.01 



tion. dThuan& Izotov L 1200511 
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Fig. 1. left 2.2m Calar Alto telescope B image of the galaxy system SBS 0335-052E and SBS 0335-052W. The two straight lines 
indicate the location of t he slit during VLT/ FOR S observations, r i ght A rchival HST UV image of SBS 0335-052E. The clusters 
are labelled according to lThuan et al. I (119971) and lPapaderos et al~l (119981) . 
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Fig. 2. H/3 flux distribution along the slit (high-resolution FORS observations). The orientation of the slit is shown in Fig.Q] left. 
The clusters No. 1+2 and No. 7 in SBS 0335-052E are labelled in (a). The clusters No. 1 to No. 4 in SBS 0335-052W are presented 
in (b). 



The extremely low oxygen abundances in the galaxy pair 
SBS 0335-052E and SBS 0335-052W imply that they are 
among the most suitable relatively nearby objects (at a dis- 
tance of 54 Mpc) for studying the properties of low-metallicity 
stars and the interstellar medium and interpreting the phys- 
ical conditions in high-redshift young galaxies. The brighter 
BCD SBS 0335-052E has been extensively studied in different 
wavelength ranges. The most imortant results from these stud- 
ies are the following: 1) Star formation in this galaxy resides 
in several very compact and bright super-star clusters (SSCs) 
dThuan et all 119971; IPapaderos etaU 11998b iThompsonet al. 



120061 12008b. These SS Cs are labe lled in Fig. CD (r i ght pa nel) 
following iThuan et al. | d 1997b and IPapaderos et all dl998l) . 2) 



SBS 0335-052E (in particular, [Ne v] i3346, 3426) indicating 
that the hard ionizing radiation with photon energies above 7 
Ryd is intense in this galaxy. This radiation is most likely to be 
associated with fas t radiative shocks propagating in the dense in - 
terstellar medium dlzotov et al T l200ll lTh uan & Izotov l l2005h . 

SBS 0335-052W has not been studied in such detail 
mainly because it is much fainter than SBS 0335-052E. No 
HST images have yet been obtained for this galaxy preclud- 
ing detailed analysis of the morphology of its central region. 
Ground-based photometric and spectroscopic observations sug- 
gest that star formation in SBS 0335-052W is confined to 
several young cl usters, which are no t as bright as SSCs in 
SBS 0335-052E dPustilnik et al. LI 1997b IPapaderos et~aTT.Il99S' 



Lipovetskv et al. L Il999t llzotov et al. L 120051 : IPapaderos et al 
20061) . On t he other hand , the w estern galaxy is brighter in the 



IThuan & Izotov I d 1997 ) discovered evidence of stellar winds in 
the massive stars of SBS 0335-052E based on t he HST UV 

spectro scopic observations of the brightest SSCs. 3)|Vanzi et al.] X-ra y range dThuan et al. Ll2004 and in the Hi XI 1 cm emission 
((2003) first detected near-infrared emission lines of molecular ij ne dPustilnik et al. L 200 if 
hydrogen, implying that s tar formation in SBS 0335-05 2E oc- 
curs in molecular clouds. iThompson et al. I d2006l 120081) iden- 
tified this emission with SSCs No.l and 2. The discovery of 
H2 emissi on is in line with the detection of warm and hot dust 
emission dThuan et al. L 1 19991: IVanzi et al. L l2000t iHunt et al. L 
l200lHHouck et al. Ll2004l)~ that is also associated with dense star- 
forming regions. 4) High-ionization emission lines are present in 



Despite extensive optical spectroscopic studies of both 
galaxies, additional high-quality spectroscopic observations 
with large telescopes had been required. First, improving the 
heavy element abundance determinations is important to the 
study of abundance variations in extremely low-metallicity en- 
vironments and understanding the mixing processes in the in- 
terstellar medium. Secondly, this system of galaxies is one of 
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Fig. 3. Flux-calibrated and redshift-corrected FORS low -resolution spectra (upper panel) and FORS high-resolution spectra (lower 
panel) of regions No. 1+2 (left) and No. 7 (right) in SBS 0335-052E [ESO program 69.C-0203(A)]. 
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Fig. 4. Flux-calibrated and redshift-corrected FORS high-resolution spectra of regions No. 1 through No. 4 in SBS 0335-052W as 
labelled in Fig. [2] [ESO program 69.C-0203(A)]. 



the most suita ble targets for the det ermination of the primordial 
He abundance ( llzotov et al. Ll2007al) . To address these problems, 
we use 8.2m Very Large Telescope (VLT) spectroscopic obser- 
vations of both galaxies obtained with the spectrographs FORS 1 
and UVES Some of these data are of the highest signal-to-noise 
ratio (S/N <: 100 in the continuum), spatial resolution (<1")> an d 
spectral resolution (~ 0.02 - 3 A) ever obtained for these galax- 
ies. The raw data of these observations were extracted from the 
European Southern Observatory (ESO) archive. 

The objective of this paper is to determine with the high- 
est precision, the element abundances in the different regions of 
SBS 0335-052Eand SBS 0335-052W (Fig.Q), to study heavy 
element abundance variations and derive He abundances. 

In Sect. 2, we describe observations and data reduction, and 
in Sect. 3 we present our results. Our conclusions are presented 
in Sect. 4. 



2. Observations and data reduction 

2. 1. FORS observations 

The FORS spectra of SBS 0335-052E and SBS 0335-052W 
were obtained on 10 September, 2002 with the FORS1 spec- 
trograph mounted at the UT3 of the 8.2m ESO VLT [ESO pro- 
gram 69.C-0203(A)]. The observing conditions were photomet- 
ric throughout the night. 

Two sets of spectra were obtained. Low-resolution spectra 
were obtained with a grism 300V (/Ll~3850-7500) and a block- 
ing filter GG 375. The grisms 600B (Xi~3560-5970) and 600R 
(/M~5330-7480) for the blue and red wavelength ranges were 
used in the high-resolution observations. To avoid second-order 
contamination, the red part of the spectrum was obtained with 
the blocking filter GG 435. 
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Fig. 5. Flux-calibrated and redshift-corrected FORS high-resolution spectrum of regions No. 1+2 (expanded version of Fig. [3] left 
lower panel, to visualise weak emission lines more clearly) [ESO program 69.C-0203(A)]. Note the presence of broad emission in 
the hydrogen lines Ha, H/3, and Hy. No appreciable broad emission is detected in strong forbidden lines, implying rapid motions of 
relatively dense ionized gas with an electron number density N e > 10 5 ~ 6 cirT 3 . 



The long (~418") slit with a width of 0751 was centered on 
regions No. 1 and 2 in SBS 0335-052E and oriented in a direc- 
tion with position angle of -91°7, simultaneously crossing the 
brightest H II region in SBS 0335-052W (Fig. [I] left). The spa- 
tial scale along the slit was 072 pixel -1 and the resolving power 
A/A A = 300 in the low-resolution mode and A/A A = 780 and 
1 160 in a high resolution mode for the 600B and 600R grisms, 
respectively. The spectra were obtained at low airmass S> 1.1, so 
no correction for atmospheric refraction was necessary. The see- 
ing was ~ 079 during the low-resolution observations, 0762 - 
0777 during the high-resolution observations in the blue range, 
and 1700 - 1707 during the high-resolution observations in the 
red range. The total integration time for the low-resolution ob- 
servations was 720 s (6 x 120 s). The longer exposures were 
taken for the high-resolution observations and consisted of 4320 
s (6 x 720 s) and 2773 s (4 x 600 s and 1 x 373 s) for the blue 
and red parts, respectively. In Fig. [2] we show the distribution of 
the H/3 emission line flux along the slit. The bright regions No. 
1+2 and the much fainter region No. 7 in SBS 0335-052E are la- 
belled in Fig. |2ji. The regions No. 1 through No. 4 in SBS 0335- 
052W are denoted in Fig.[2]3 according to their brightness in the 
continuum. We note, however, that the H/3 line of the region No. 
4 is slightly stronger than that of the region No. 3. We note also, 
that, despite the small angular separation between regions No. 2 
and No. 3 and between No. 1 and No. 4, the good photometric 
conditions during observations and the small CCD pixel size al- 
lowed us to resolve all four H II regions in SBS 0335-052W and 
extract one-dimensional spectra for all of them. 



2.2. UVES observations 

Spectra of regions No. 1+2 of SBS 0335-052E were also ob- 
tained on 6 September 2003 with the UVES echelle spectro- 
graph mounted at the VLT (UT2) ESO telescope [ESO program 
71.B-0055(A)]. The gratings CD#2 with the central wavelengths 
3900A and 4370A in the blue arm, CD#3 with the central wave- 
length 6000A and filter BK7-5, and CD#4 with the central wave- 
length 9000A and filter OG590 in the red arm were used to pro- 
vide spectra for the wavelength range /M3300-10000 over 124 
orders. The slits with length of 8" and 12" for blue and red parts 
of the spectra, respectively, and width 3" were centered on re- 
gions No. 1+2. The spatial scale along the slit was 07246 and 
07182 for the blue and red arms, respectively. The galaxy was 
observed at a low average airmass of 1.13, so no correction for 
atmospheric refraction was necessary. The seeing was 0761 - 
0763 at the start and at the end of observation. The spectra were 
obtained at position angle of 0° with an exposure time of 3000 s 
for the gratings centered on 3900A and 6000A and of 6300 s for 
the gratings centered on 4370A and 9000A. 

Two observations were obtained with UVES on 9 November 
2002 [ESO program 70.B-0717(A)]. The first observation was 
for the brightest part of SBS 0335-052W with an exposure time 
of 17550 s at position angle of 110° and the second one simul- 
taneously for regions No. 1+2 and No. 4+5 of SBS 0335-052E 
with an exposure time of 2400 s at position angle of 150° . The 
grating CD#2 centered on 3900A and filter HER-5 and grating 
CD#3 centered on 5800A and filter SHP700 were used result- 
ing in the wavelength range /1/13250-6950 over 77 orders for 
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Fig. 6. Flux-calibrated and redshift-corrected UVES spectrum of the regions No. 1+2 in SBS 0335-052E [ESO program 71. B- 
0055(A)]. 



regions No. 4+5 of SBS 0335-052E and for the brightest region 
of SBS 0335-052W). The slits with length of 8" (grating CD#2) 
and 12" (grating CD#3) and width 1" were used. The spatial 
scales along the slit were 07246 and 07182 for gratings CD#2 
and CD#3, respectively. The spectra were obtained at low aver- 
age airmasses of 1.17 and 1.08 for SBS 0335-052W and SBS 
0335-052E, respectively, so no corrections for atmospheric re- 
fraction was required. The seeing was ~ 078 during the observa- 
tions of both galaxies. 

The UVES observations of the regions No. 4+5 and No. 7 
of SBS 0335-052E were obtained on 11 October 2001 [ESO 
program 68.B-0310(A)]. The gratings CD#1 centered on the 
wavelength 3460A and filter CUS04, and CD#2 centered on the 
wavelength 4370A and filter CUS04 were used in the blue arm, 
while gratings CD#3 centered at the wavelength 5800A and fil- 
ter SHP700 and CD#4 centered at the wavelength 8600A and 
filter OG590 were used in the red arm. This setup resulted in the 
wavelength range of /M3 150-9900 A over 124 orders. The slit 
length and width were 12" and 175, respectively. Spatial scales 
along the slit were 07246 and 07 1 82 for blue and red arm obser- 
vations, respectively. All spectra were obtained at position an- 
gle of 60° with an exposure time of 1500 s. Averaged airmasses 
for CD#1+CD#3 and CD#2+CD#4 observations were 1.88 and 



2.24. Therefore, correction for the atmospheric refraction was 
required, but it was not applied, presumably because the paral- 
lactic angle of 74° during observations was close to the position 
angle. This probably has a small effect of atmospheric refrac- 
tion. The seeing was 0777 and 1'.'26 at the start and the end of 
observation, respectively. 

2.3. Data reduction 

The data were reduced with the IRAFQ software package. This 
included bias-subtraction, flat-field correction, cosmic-ray re- 
moval, wavelength calibration, night sky background subtrac- 
tion, correction for atmospheric extinction, and absolute flux cal- 
ibration of the two-dimensional spectrum. The spectra were also 
co rrected for inters tellar extinction using the reddening curve 
of lWhitford I (119581) . The flux-calibrated and redshift-corrected 
one-dimensional FORS spectra of the regions No. 1+2 and No. 
7 in SBS 0335-052E and four regions in SBS 0335-052W are 
shown in Figs.[3]and|4] respectively. In Fig. [5] we show the ex- 

1 IRAF is the Image Reduction and Analysis Facility distributed by 
the National Optical Astronomy Observatory, which is operated by the 
Association of Universities for Research in Astronomy (AURA) under 
cooperative agreement with the National Science Foundation (NSF). 
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Fig. 7. Flux-calibrated and redshift-corrected UVES spectrum of regions No. 4+5 in SBS 0335-052E [ESO program 70.B-0717(A)]. 



panded high-resolution spectrum of SBS 0335-052E No. 1+2 
(the same as in Fig. [3]) to be able to identify more clearly the 
numerous weak permitted and forbidden lines. We note the pres- 
ence of broad Ha, H/3, and Hy emission in Fig. [5] with fluxes of 
~ 1 - 2 percent of the narrow component fluxes, in agreement 
with the value for the H/3 emission line obtained bv llzotov et al. I 
(I2007bh for the same regions No. 1+2. The flux-calibrated and 
redshift-corrected UVES spectra of regions No. 1+2, No. 4+5, 
and No. 7 of SBS 0335-052E are shown in Figs. EU\ andl 
respectively, and the spectrum of the bright part of SBS 0335- 
052W is shown in Fig. [9] 

Emission-line fluxes were measured using Gaussian profile 
fitting. The l<x errors of the line fluxes were calculated from the 
photon statistics in the non-fiux-calibrated spectra. The true er- 
rors in the line fluxes are probably higher because we do not take 
into account uncertainties introduced during observations (e.g., 
effect of differential refraction) and data reduction. The line flux 
errors were propagated in the calculations of the elemental abun- 
dance errors. The extinction-corrected emission line fluxes 1(A) 
relative to the Hfi fluxes multiplied by 100, the extinction co- 
efficients C(Hj6), the equivalent widths EW(H/3), the observed 
H/3 fluxes F(Hj3) and the equivalent widths of the hydrogen ab- 
sorption lines are listed in Tables Q] and [2] (low -resolution and 
high-resolution FORS observations), in Table [3] (for weak lines 
in the high-resolution FORS spectrum of SBS 0335-052E No. 
1+2), and in Table|4](UVES observations). 



3. Results 

3. 1. Electron temperature and electron number density 

The electron temperature T e , the i onic and total heavy element 
abundances were derived following llzotov et al. I d2006bl) . In par- 
ticular for 2+ , Ne 2+ and Ar 3+ , we adopt the temperature T e {0 
m) directly derived from the [O m] i4363/(,t4959 + /15007) 
emission-line ratio. We use T e (0 II) for the calculation of + , 
N + , S + , and Fe 2+ abundances, and T e (S III) for the calculation of 
S 2+ , Cl 2+ , and Ar 2+ abundances. 



For all regions in SBS 0335-052E, the electron number den- 
sities N e (S II) were obtained from the [S II] /16717//16731 emis- 
sion line ratio, whereas in all regions in SBS 0335-052W, except 
for region No. 1, the [S II] A6111, 6731 emission lines are too 
weak to allow density determinations. Therefore, for abundance 
determinations in regions No. 2, 3, and 4 of SBS 0335-052W, 
we adopt N e = 10 cm 4 . The value of the electron number den- 
sity makes little difference to the derived abundances since in 
the low-density limit, which holds for the H II regions consid- 
ered here, the element abundances do not depend sensitively on 
N e . We note that errors of the element abundances do not ac- 
count for the uncertainties in the ionization correction factors. 
The electron temperatures T e (O III), T e {0 II), and T e (S III), elec- 
tron number density N e (S II), the ionization correction factors 
(ICFs), and the ionic and total N, O, Ne, S, CI, Ar, and Fe abun- 
dances derived from the forbidden emission lines are given in 
Tables |5]and|6](low-resolution and high-resolution FORS obser- 
vations), respectively and in Table [7] (UVES observations). We 
note that the r c (S III) derived in all observations lies between 
T e {0 in) and T e (0 n), as expected. 

3.2. Oxygen abundance 

Abundances of + and 2+ in all regions of SBS 0335-052E 
and SBS 0335-052W were obtained from the fluxes of for- 
bidden emission lines [O II] ,13727 and [O III] ,14959, 5007. 
Additionally, for the determination of the 2+ abundance, we 
used the very weak recombination emission line O II /14650, 
which was detected in the high-resolution FORS spectrum of re- 
gions No. 1+2 in SBS 0335-05 2E (Table g). Adopting radiative 
recombination coefficients from lPequignot et al. I (1 19911) . we ob- 
tained a 2+ /H + abundance ratio of (1.50+0.75)xl0 -5 from the 
recombination line flux. This value is consistent with that de- 
rived from the forbidden lines (Table [6]). 

We derived the oxygen abundances of regions 1+2 in SBS 
0335-052E to be 12 + log O/H = 7.28+0.01 (low-resolution 
FORS observations), 7.23+0.01 (high-resolution FORS obser- 
vations), and 7.28+0.01 and 7.27+0.01 (for two different UVES 
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Fig. 8. Flux-calibrated and redshift-corrected UVES spectrum of region No. 7 in SBS 0335-052E [ESO program 68.B-03 10(A)]. 



observations). For regions 4+5, the oxygen abundance was in- 
ferred to be 12 + log O/H = 7.28+0.01 and 7.32+0.01 for 
two UVES observations. For cluster 7, its oxygen abundance is 
7. 12+0.04 (low-resolution FORS observation), 7.15+0.02 (high- 
resolution FORS observation), and 7.24+0.05 (UVES obser- 
vation). The true differences in the oxygen abundance deter- 
minations for the same regions are higher than the calculated 
errors based on the noise statistics, implying that the errors 
could be underestimated. In particular, these errors do not in- 
clude uncertainties introduced by the standard data reduction. 
Additionally, differences in oxygen abundances could proba- 
bly be caused by different slit positions and different apertures. 
The oxygen abundance obtained from a combined spectrum of 
the brightest regions 1+2+4+5 is 7. 30+0.01 and i s very close 
to the value 7.3 1 +0.01 obtained by llzotov et al71 dl997bl) and 
iThuan & Izotovl d2005l) for the brightest part of SBS 0335- 
052E . Our oxygen abundances for regions 4+5 a re clo se to 
the value 7.27+0.02 obtained by IPapaderos et al. I d2006l) . We 
find that the oxygen abundance in the fainter region 7 is lower 
than in the brighter regions and com pares well with t he pre - 
vious determination of 7.21+0.02 by Pa paderos et al. I d2006t) . 
Thus, we confirm the tendency for the oxygen abundance to de- 
crease from the brightest part of SBS 0335-052E to its outer 
fainter part, suggesting the presence of oxygen abundance vari- 
ations on spatial scales of ~ 1-2 kpc, in agreement with 



the finding of llzotov et al. I dl997bl) . llzotov et al.1 d2006al) , and 
IPapaderos et al. I d2006l) . 

The oxygen abundance of the whole bright part of SBS 
0335-052W obtained from the UVES spectrum is 12 + log O/H 
= 7.13 ± 0.02. This value is consi s tent w ith 12 + log O/H = 
7.12 + 0.03 found by llzotov etaTI d2005l) from combined 4m 
Kitt Peak, 6.5m MMT, and 10m Keck II telesc ope observations, 
with 1 2 + log O/H = 7.11 ± 0.05 obtained by IThuan & Izotov I 
d2005l) from M MT observations, and wit h 12 + log O/H = 7.13 
+ 0.08 found by IPapaderos et al. I d2006l) from 3.6m ESO tele- 
scope observations. Thus, different determinations of the oxy- 
gen abundance in the aperture covering the bright part of SBS 
0335-052W are in a good agreement. 

The determination of the oxygen abundances in individual 
star-forming regions of SBS 0335-052W is a more difficult 
task because of the faintness of these regions and the small 
angular separations be tween them. From 3.5m Calar Alto tele- 
scope R, I photometry. iLipovetskv et aTTI d 19991) have found that 
SBS 0335-052W consists at least of three star-forming regions. 
Given the good seeing during FORS observations, we find that 
SBS 0335-052W consists of 4 regions (Fig. Eh). Our regions 
No. 1 a nd 2 correspond to the br ightest western and eastern re- 
gions of Lipovetsk v et al~l d!999l) . The oxygen abundance of 12 
+ log O/H = 7.22 + 0.07 of the brightest region No. 1 (FORS) 
is consistent with the value 12 + log O/H = 7.22 + 0.03 inferred 
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Fig. 9. Flux-calibrated and redshift-corrected UVES spectrum of SBS 0335-052W [ESO program 70.B-0717(A)]. 



by lLipovetsky et aT71 dl999t) . However, our oxygen abundance of 
12 + log O/H = 7.01 + 0.07 for region No. 2 is significantly 
lower than that of 12 + log O/H = 7.13 ± 0.07 obtained by 
ILipovetskv et al. I (1 19991). Th e main reason for the difference is 
that lLipovetskv et al. I ( 19991) did not observe the blue part of the 
spectrum in region No. 2 covering the emission line [O II] /13727 
and assumed its flux relative to Hfi to be the same as that in re- 
gion No. 1 . The relative flux [O II] /13 727/H3 in this region is a 
factor of ~2 lower than that adopted by lLipovetsky et aLl i 19991) 
(se e Table [2]>. Applying our value of [O II] A3727 fH/3 ratio to 
the ILipovetskv et al. I ( 1 19991) observations, we obtain 12 + log 
O/H = 7.04 + 0.07, which is very close to the value for region 
No. 2 obtained from our data. The fainter regions No. 3 and 4 in 
SBS 0335-052W were not discussed in previous papers and for 
the first time, we derive element abundances in these regions. 
Thus, we confirm the very low oxygen abundance of region 1 . 
We also find that three of four H II regions have unprecedently 
low oxygen abundances of 12 + log O/H = 7.01 + 0.07 (region 
2), 6.98 + 0.06 (region 3), and 6.86 + 0. 14 (region 4), confirming 
our previous findings that this galaxy is the most metal-deficient 
emission-line galaxy known. We note, that [O III] /14363 emis- 
sion line was not detected for region 3. Therefore, the oxygen 
abundance in this reg ion was derived using th e semi-empirical 
method described by llzotov & Thuan I d2007l) . Similar to SBS 
0335-052E, we find that the oxygen abundance in SBS 0335— 
052W varies from region to region. These variations are in the 
range from 12 + log O/H = 6.87 to 7.22, which is even higher 
than the variations that we obtained for SBS 0335-052E. 



If real, the oxygen abundance variations in both galaxies 
would argue in favour of self-enrichment by the fresh heavy el- 
ements synthesized during the present burst of star formation 
and slow mixing of these elements with the surrounding regions. 
It is also possible that the [O III] /14363A emission line is en- 
hanced by shocks a nd the effect is likely to be stronger in region s 
with weaker lines dPeimbert et al. L 1199 It: llzotov et al. L Il997al) . 
Consequently, this enhancement would result in the underesti- 
mation of the oxygen abundance. However, this effect is difficult 



to take into account because of insufficient information about the 
shock contribution to ionization and heating of H II regions. 

3.3. Other heavy element abundances 

In Fig. [10] we show the abundance ratios log N/O (a), log Ne/O 
(b), log S/O (c), log Cl/O (d), log Ar/O (e), and log Fe/O (f) ver- 
sus oxygen abundance 12 + log O/H for different H II regions in 
SBS 0335-052E and SBS 0335-052W, and compare them with 
data for a large sample of emission-line galaxies. Data for H II 
regions in SBS 0335-052E are shown by large filled circles and 
for H II regions in SBS 0335-052W by stars. The galaxies from 
comparison samples are shown by small symbols. We show by 
small filled circles data for galaxies collected to study the he- 
lium abundances in low -metallicity b l ue compact dwarf galax- 
ies (th e HeBCD sample, llzotov et al.T, l2004bi; llzotov & Thuanl 
and by dots t he galaxies from the SDSS DR3 sample 
In each panel, the solar abundance ratio 



(Izotov et al 



by iLoddersl 



I2006bl) . _ 

20031) is indicated by the large open circle and the 



associated error bar. 

As for ff-elements, the ratios of Ne, S, Ar abundances to oxy- 
gen abundance, Ne/O derived for different regions in SBS 0335- 
052E and SBS 0335-052W follo w the trend of increas ing Ne/O 
with oxygen abundance found by llzotov et al. I (l2006bl) for other 
low-metallicity emission-line galaxies (Fig. [TOb). This trend is 
caused by oxygen depletion onto dust and implies that there is 
a small amount of depletion of oxygen in SBS 0335-052E and 
SBS 0335- 052W despite the detection of dust in SBS 0335- 
052E (e.g., iThuan et al. ill 9991: iHouck et al. LI2004I) . 

The S/O abundance ratio in both galaxies is close to the aver- 
age value obtained for other low-metallicity emission-line galax- 
ies (Fig.[10};). On the other hand, Cl/O in SBS 0335-052Eis sys- 
tematically lower (Fig. [TOt l) and Ar/O is systemat ically higher 
Fig. [Tpfe ) than the averaged values obtained by llzotov et al. I 
2006b) for other low-metallicity galaxies. These differences im- 
ply that there is a metallicity dependence of the a-element pro- 
duction by massive stars. T he explosion energy of Type II su- 
pernovae might play a role dKobavashi et al. L 120061) . However, 
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Fig. 10. log N/O (a), log Ne/O (b), log S/O (c), log Cl/O (d), 
log Ar/O (e) and log Fe/O (f) vs oxygen abundance 12 + log 
O/H for the emission-line galaxies. Large filled circles show re- 
gions in SBS 0335-052E, large stars show regions in SBS 0335- 
052W. The galaxies from comparison samples are shown by 
small symbols. Smal l filled circles are gala xies from the HeBCD 
sample collected by llzotov et al. I d2004bl) and llzotov & Thuan I 
d2004l) for the primordial He abundance d etermination, dots ar e 
the galaxies from the SDSS DR3 sample (llzotov et al. L l2006hh . 
The solar rations as compiled by lLoddersT ?2003) are indicated 
by the large open circles and the associated error bars are shown. 



llzotov et al. I d2006bl) pointed out that abundance determinations 
for some elements such as S, CI, and Ar could be uncertain 
because of the uncertainties in the rates of some atomic pro- 
cesses, e.g., rates of dielectronic recombination. Further anal- 
ysis of larger samples of extremely low-metallicity galaxies is 
needed to clarify the reasons for Cl/O and Ar/O deviations in 
SBS 0335-052E from other galaxies. 



The most prominent trend was found by llzotov et al. I 
(I2006bl) for the Fe/O ratio. New data for SBS 0335-052E con- 
firm and strengthen the previous result that Fe is depleted onto 
dust grains and that this effect depends on the galaxy metallicity. 
The depletion of Fe decreases with decreasing metallicity, and in 
the H II regions of SBS 0335-052E with the lowest metallicity, 
the depletion is the lowest. 

llzotov & Thuanl (1 19991) and llzotov et al.l d2006bl) demon- 
strated that the dispersion in N/O in low metallicity BCDs with 
12 + log O/H < 7.5 - 7.6 is very small with a plateau value of 

log N/O 1.6. However, in this paper, we find that N/O in H 

II regions of SBS 0335-052E and SBS 0335-052W is higher 
than a plateau value implying that there is some increase in N/O 
with decreasing oxygen abundance at 12 + log O/H < 7.5 (Fig. 
ITUh). If true, this tendency would agree with studies of primary 
nitro gen production by low-m etallicity rotating stars. For exam- 
ple, iMevnet & Maederl (|2002|) showed that the production of 
primary nitrogen is significantly higher in rapidly rotating stars 
of extremely low metallicity as compared to that in non-rotating 
stars. Although they considered stellar models with the heavy el- 
ement mass fraction Z = 10~ 5 , which is significantly lower than 
the values of Z ~ 0.0002 - 0.0005 in the H II regions of SBS 
0335-052E and SBS 0335-052W, it is possible that the inter- 
stellar medium in these galaxies "memorizes" the chemical en- 
richment by the most metal-deficient stars. 

3.4. Helium abundance 

Helium ( 4 He) and some other light elements and isotopes such 
as D, 3 He, and 7 Li were produced mainly within the first few 
minutes after the Big Bang and they can therefore be used t o 
constrain cosmological models (e.g., ISteigmanT 120051 120061) . 
Because of their extremely low metallicity, SBS 0335-052E and 
SBS 0335-052W are among the most suitable objects to use for 
the primordial He abundance determination. This is because the 
fraction of He produced by stars in these galaxies is less than 
1% of the fraction of He synthesized during the primordial nu- 
cleosynthesis. Significant efforts have been made to determine 
the primordial He mass fraction Y p from observations of low- 
metallicity H II regions and the baryonic mass fraction of the 
Universe Q/,. Because of the logarithmic dependence of Y p on 
Qi, an accuracy of higher than 1% in Y p is required to place 
constraints on the cosmological models. This high accuracy is 
feasible for the data obtained with the VLT for SBS 0335-052E 
and SBS 0335-052W (pr ovided that the atom ic data are known 
with sufficient accuracy, iPorter et al. L 120091) . In this paper, we 
determine the He ab undance following the method described by 
llzotov et al. I d2007al) . 

There is now a general consensus that the accuracy of the 
primordial He abundance determination is limited, not so much 
by statistical uncertainties, but by our ability to acco u nt for 
systematic erro r s and biases (e.g., lOlive & Skillmanl 120041 ; 
iPeimbert et ail 120071: IPorter et al. U2009I) . There are many 
known effects to correct for when transforming observed He I 
line intensities into a He abundance. These effects are: (1) red- 
dening; (2) underlying stellar absorption in the He I lines; (3) 
collisional excitation of the He I lines, which causes their in- 
tensities to deviate from their recombination values; (4) fluores- 
cence of the He I lines, which also make their intensities de- 
viate from their recombination values; (5) collisional excitation 
of the hydrogen lines (hydrogen is relevant because the helium 
abundance is calculated relative to that of hydrogen); (6) pos- 
sible departures from case B in the emissivities of H and He I 
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Fig. 11. Linear regressions of the helium mass fraction Y vs. oxygen abundance for the sample consisting of H II reg ions in SBS 
0335-052E and SBS 0335-052W (open circles, this paper), and HeBCD H II regions (dots) from llzotov et al. I d2007al) . Solid lines 
are linear regressions obtaine d by a likelihood method, and das hed lines are their lc r alternatives. The Ys in (a) and (b) are derived 
with the He I emissivities from lBeniamin et aTTI (fl999. 2002]) and lPorter et al. Id2005l) . respectively. The oxygen abundance is derived 
adopting T e (He + ). 



Iines3; (7) the temperature structure of the H II region; and (8) 
its ionization structure. All of these corrections are at a level of 
a few percent except for effect (3), which may be much higher, 
exceeding 10%, in the case of the He I ,15876 emission line in 
hot and dense H II regions. 

The derived He + abundance y + = He + /H + depends on the 
adopted He I line emissivities. We considered two set s of H e 
I emissivities: older values by Benjamin et al. ( 19991 2002), 



I Benjamin et al. I 



niamin et al 

which were used by llzotov & Thuan I d2004l) 
(12002b take into account both collisional and fluorescent en- 
hancements], and more recent values by iPorter et al. I d2005l) . 
which were co mputed using improved rad iati ve and collisional 
data. F ollowing llzotov et al. 1 d 199411997a!) and llzotov & Thuan I 
d!998l) . we used the five strongest He I ,13889, ,14471, ,15876, 
,16678, and ,17065 emission lines to derive the weighted mean 
He + abundance y* m , where the weights were defined by the flux 
error of each He I emission line. 

In addition to the emissivities, the derived y + abun- 
dances also depend on a number of other parameters: the 
fraction AI(Ha)/I(Ha) of the Ho- emission line flux due to 
collisional excitation; the electron number density N e (He + ); 
the electron temperature T e (He + ); the equivalent widths 
EW fliJ W3889), EW aij (/l4471), EW^C/15876), EW fl6j (,16678), 
and EW„/, S (/17065) of He I stellar absorption lines; and the opti- 
cal depth r(,13889) of the He 1 ,13889 emission line. To determine 
the most rob ust value of y^, m , we use the Monte Carlo procedure 
described in llzotov & Thuanl d2004l) . randomly varying each of 
the above parameters within a specified range. First, we took into 
account collisional excitation effects for hydrogen. The fraction 
of the Ha flux produced by collisional excitation was randomly 
generated 100 times within an adopted range. The fraction of 
the H/3 emission line flux due to the collisional excitation was 
adopted to be three times less than that of the Ha flux. For each 
generated fraction, the fluxes of the Ha and H/3 lines caused by 
the collisional excitation were subtracted from the total observed 
fluxes and all emission line fluxes were then corrected for un- 



2 Case B assumes that there exists a balance between the absorption 
and emission of photons in the resonant Lyman series transitions of 
hydrogen and helium and that there are no other processes. 



derlying stellar absorption (in the case of hydrogen lines) and 
interstellar extinction, and element abundances were calculated. 

To calculate y + , we varied N e (He + ) simultaneously and ran- 
domly in the range 10 - 450 cm 4 , r c (He + ) in the range (0.95 - 
1.0)xr c (O III), and t(^3889) in the range - 5. We produced a 
total of 10 5 of these realizations for every H II region, for a given 
fraction of Ha emission line flux created by collisional excita- 
tion. Thus, the total number of Monte Carlo realizations that we 
performed for each H II region was 100 x 10 5 = 10 7 . As for the 
He I underly i ng stell ar absorption, we followed prescriptions by 
llzotov etal. I d2007al) . We adopted fixed values of EW flij (,14471) 
= 0.4A, EW flfes (^3889) / EW nij (^4471) = 1.0, EW flfo (^5876) / 
EW fl6l (^4471) = 0.3, EW fl/ „(^6678) / EW flfe 014471) = 0.1, and 
EW flfc (,17065) / EW abs (M47 1 ) = 0. 1 . 

For each H II region, we found the optimal solution for y* m 
in the multi-parameter space defined above by minimizing the 
quantity 

" (y+ _ y+ )2 

\j t J win-? 



x 



cr 2 (yt) 



(1) 



where yj~ is the He + abundance derived from the flux of the He 
I emission line labelled i, and cr(y+) is the statistical error of yt. 
The quantity y* m is the weighted mean of the He + abundance 
given by the equation 



(2) 



We used all five He I emission lines to calculate^ 2 (i.e., n = 5), 
but only three lines, He 1 ,14471, ,15876, and ,16678 to compute 
ytm = 3)- This is because the fluxes of the He I ,13889 and 
,17065 emission lines are more uncertain than those of the other 
three He I emission lines. 

Additionally, in those cases when the nebular He II ,14686 
emission line was detected, we added the abundance of doubly 
ionized helium y 2+ = He 2+ /H + to y + . Although the He 2+ zone is 
hotter than the He + zone, we adopted T e (He 2+ ) = T e (He + ). This 
assumption has only a minor effect on the y value, because y 2+ 
is small (< 3% of y + ) in all cases. Then the total He abundance 
was derived to be 



y = /CF(He + + He 2+ ) x (y + + y 2+ ), 



(3) 
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where ICF ( He + +He 2+ ) is the io nization correction factor, 
adopted from llzotov et al. I (12007 al) . The He mass fraction was 
obtained from 



cal errors of Y„ are significan tl y lower than those der i ved b y 
: & SkillmanT d2004l) . Fukugita & Kawasaki I d2006l) . 



4yd-Z) 
1 +4y ' 



where Z is the heavy element mass fraction. We adopted Z = 
a(0/H) in Eq. @] where a = 18.2 was obtained by assuming an 
oxygen mass fraction of O=0. 66Z for a heavy element mass frac- 
tion Z=0.001 dMaederl [79921 Some authors us e slightly differ- 
ent values of a. In particular. lpagel et al. I (1 19921) adopted a = 20. 
These differences introduced a tiny effect on the Y value in H 
II regions with O/H ^ 10 , resulting in a differenc e of ^0.02% 
in Y, i f our value of a is adopted instead of that by lPagel et al. I 
dl992l) . 

The results of our determinations of the He abundance in 
different regions of SBS 0335-052E and SBS 0335-052W cor- 
responding to minimum of x 2 for two different sets of emis- 
sivities are shown in Table [8] It can be seen that the derived 
He mass fractions Y are very consistent (within S= 1%) in all 
H II regions, while the statistical errors 1 - 5% of the Y values 
are comparable to those obtained by oth er authors for different 
galaxies (see e.g., iPeimbert et al. 1120071) . The weighted mean Y 
derived from all observations shown in Table[8] is equal to Y wm = 
0.2485 + 0.0 012 for the emissivities derive d bvlBeniamin et al. I 
d 19991120021) and Y wm = 0.2514 + 0.0012 for lPorteret al.ld2005l) 
emissivities. These values are very close to the primordial He 
abundance since the considered H II regions are of very low- 
metallicity. They are obtained by taking into account almost all 
systematic effects. The largest systematic effect is collisional ex- 
citation of He I emission lines. In the case of SBS 0335-052E 
No. 1+2 this effect could increase the intensity of the strongest 
He I /15876 emission line by up to 10% relative to the recombina- 
tion value. Collisional excitation of the He I /17065 emission line 
has an even stronger effect, of ~50%. If not taken into account, 
this systematic effect can produce the weighted mean He mass 
fraction of 0.2 66, or a value ~ 6% higher than the value of 0.25 1 
in Table [51 for iPorter et al. I d2005l) emissivities. This difference 
is much higher than the errors of ~ 1-3% for Y p obtained by dif- 
ferent authors. However, since these systematic effects are taken 
into account in our Y determination, they are not included in the 
error budget. An exception is t he differences between two di ffer- 
ent sets of H e I emi ssivities bv lBeniamin et al.l dl999. 2002b and 
IPorter et al. I d2005l) . Treating the different He I line emissivities 
as systematics affecting the Y wm determination, we obtain Y wm = 
0.2500 ± 0.0012 (stat.) + 0.0015 (syst.). 

We also rederive the primordial He abundance from linear 
regressions to Y - O/H for the large sa mple of low-metallicity 
H II regions from llzotov et al. I ( 1200 7a). including also our val- 
ues for SBS 0335-052E and SBS 0335-052W from the present 
study. These regressions are obtained by taking into account the 
statistical errors in Y and O/H for every object and are shown in 
Fig.rjTJfor tw o sets of emissivitiesjBeniamin et aTl d!999l 12002b 
(Fig. mji) and IPorter etaTI d2005l) (Fig. [Tib). In this Figure, we 
indicate by dots 93 observations of 77 H II regions f r om the 
HeBCD sample dlzotov & Thuan L l2004t llzotov et al. I l2007j) 
and by open circles different H II regions in SBS 0335-052E 
and SBS 0335-052W. Solid lines are linear regressions obtained 
by a likelihood method, and the dashed lines are lcr alterna- 
tiv es to these regressions. We ob tain Y p = 0.2473 + 0.0011 for 



e.g.. lOlive 

and IPeimbert et al. I d2007l) . This difference is present because 
we use the largest sample of ~ 100 H II regions to determine 
(4) Y p compared to 30 or even only 6 H II regions in other studies. 
The error in Y p scales as ~ 1/ y/N, where N is the number of the 
objects used for the primordial He abundance determination, re- 
sulting in the reduction in the Y p error by a factor of 2 - 4 for our 
large sample. Our values of Y p are only slightly below (^ 1%) 
the values of Y wm obtained for the BCD system SBS 0335-052 
with the respective emissivities, but they are c onsistent within 
the errors. T he value of Y p obtained with the iBeniamin et al. I 
d!999l 120021) emissivities is in good agreement with the value 
of Y„ = 0.2482^™3 + q.0006 (syst) inferred bv lSoergel etaTI 
d2007l) from the W MAP data analysis On the other hand, the 
Y p derived with the IPorter et al. I d2005l) emissivities is slightly 
above the WMAP value. If real, this higher value would suggest 
some deviations from the Standard Big Bang Nucleosynthesis 
model. On the other hand, treating the different He I line emis- 
sivities as systematics affecting the Y p determination, we obtain 
Y p = 0.2493 + 0.001 1 (stat.) + 0.0020 (syst.), which agrees with 
the Y p derived from the WMAP data analysis. 



4. Summary 

We have presented our analysis of archival VLT/FORS and 
VLT/UVES spectroscopic observations of a system of two ex- 
tremely low-metallicity blue compact dwarf (BCD) galaxies, 
SBS 0335-052E and SBS 0335-052W. Some of these spectro- 
scopic data are of the highest signal-to-noise ratio, highest spec- 
tral resolution and highest spatial resolution obtained up to date 
for this system of g alaxies since its first spe ctroscopic observa- 
tions, 20 years ago dlzotov et al. Lll990allbll c[). 
Our main results are as follows: 

1 . The oxygen abundance in different regions of both galax- 
ies is extremely low. We find that the oxygen abundance 12 + log 
O/H in SBS 0335-052E varies in the range 7.12 - 7.32, while 
in SBS 0335-052W, it varies in the range 6.86 - 7.22. Thus, 
SBS 0335-052W holds the record as the most metal-deficient 
emission-line galax y known, sup p orting and st rengthening pre- 
vious findings by llzotov et al. I d2005l) and iPapaderos et al. I 
d2006l) . We suggest that the oxygen abundance variations in both 
galaxies are likely to be real and imply incomplete mixing of the 
interstellar medium and the chemical element self-enrichment of 
H II regions by the present bursts of star formation. 

2. We derive the He mass fraction Y in different H II re- 
gions of SBS 0335-052E and SBS 0335-052W using Monte 
Carlo simulations and taking into account systematic effects. We 
find that the He mass fraction in all studied H II regions varies 
only a little and, depending on the adopted He I line emissivi- 
ties, has a weighted mean va lue Y wm of 0.2485+0.0012 with the 
IBeniamin et al. Id 19991 120021) emissivities and of 0.2514+0.0012 
with the Porter et al. N2005I) emissivities. Using the data of the 
present paper for SBS 0335-052E and SBS 0335-052W in con- 
nection with the HeBC D sa mple of low-metallic ity BCDs by 
llzotov & Thuan 1 d2004l) and llzotov et al. 1 d2007al) . we rederive 
the primordial He mass fraction Y p from linear regressions to Y 
versus O/H. We determine a value of Y p = 0.2473+0.0011 us- 



the IBeniamin et al. I d!999l 120021) em issivities and Y p = 0.2514 
+ 0.0010 for the IPorter et al. I d2005l) emissivities. Despite the 
statistical errors of Y for the H II regions in our sample be- 
ing comparable to those derived in other studies, the statisti- 



ing the IBeniamin et al. ] d 19991 12002b He I emissivities and of 
0.2514+0.0010 using the IPorter et al. I d2005l) He I emissivities. 
The former value of Y p is consistent with the value inferred from 
the WMAP data analysis, implying the validity of the Standard 
Big Bang Nucleosynthesis (SBBN) model, while the latter value 
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of Y p is higher by more than 2<x, implying that some deviations 
from the SBBN could be present. Treating the different He I line 
emissivities as systematics affecting the Y wm and Y p determina- 
tions, we obtain Y wm = 0.2500 ± 0.0012 (stat.) + 0.0015 (syst), 
and Y p = 0.2493 + 0.0011 (stat.) + 0.0020 (syst.). Both Y wm 
and Y p values within the errors agree with the Y p value from 
the WMAP data analysis. 

3. The abundance ratios of the a-elements to oxygen in both 
galaxies follow the trends found in previous studies of low- 
metallicity emis sion-line galaxies. In particular, new data con- 
firm findings by llzotov et al. I d2006bl) that Ne/O increases with 
increasing oxygen abundance, implying a higher depletion of 
oxygen in higher-metallicity galaxies. We find that S/O in both 
galaxies is close to the average value obtained for other low- 
metallicity emission-line galaxies. On the other hand, Cl/O in 
SBS 0335-052E is lower than the average value for other low- 
metallicity emission-line galaxies, while Ar/O is higher than the 
average value. These differences could be due to the metallicity- 
dependent yields of a-elements synthesized by massive stars. 
However, it is also possible that differences are caused by uncer- 
tainties in the atomic data for some elements (e.g., uncertainties 
in the dielectronic recombination rates), which infer incorrect 
abundances of sulfur, chlorine, and argon. 

4. The measurement of Fe/O in SBS 0335-052E is among 
the highest values found in emission-line galaxies and fol- 
lows the general trend of decreasing Fe/O with in creasing oxy- 
gen ab undance implying iron depletion onto dust (llzotov et al. L 
2006bl). Despite th e de tection of dust in S BS 0335-052E by 
Thua n et al. ] d 1999b and lHouck etaD d2004l) . the high gas-phase 
Fe/O abundance ratio suggests that iron is hardly depleted in the 
ionized medium of this galaxy. 

5. We find that N/O in SBS 0335-052E and SBS 0335-052W 
is slig htly above the plateau va lue found by llzotov & Thuan I 
d 19991) and llzotov et al. I (l2006bl) for extremely low-metallicity 
emission-line galaxies. There is a tendency for N/O increasing 
with decreasing oxygen abundance in extremely low-metallicity 
galaxies with 12 + log O/H < 7.6, probably because of an 
enhanced production of primary nitrogen by lo wer-metallicity 
rapidly rotating stars dMevnet & Maederll2002l) . 
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Table 1. Extinction-corrected emission line fluxes (low-resolution FORS observations) 





0335- 


-052E 


Line 


No. 1+2 


No. 7 


3727 [O II] 


23.49±0.55 


24.82+2.84 


3750 H12 


3.90±0.42 




3771 Hll 


4.60±0.43 




3797 H10 


5.89±0.37 




3820 He I 


1.04±0.21 




3835 H9 


8.10±0.35 


9.34+2.15 


3869 [Ne III] 


24.46±0.43 


17.48+1.39 


3889 He I + H8 


16.77±0.40 


22.70+1.85 


3968 [Ne III] + H7 


24.22±0.47 


22.06+1.65 


4026 He I 


1.64+0.11 




4069 [S II] 


0.41+0.08 




4076 [S II] 






4101 m 


26.30+0.47 


27.73+1.63 


4227 [Fe IV] 


1.21+0.45 




4340 Hy 


47.38+0.74 


47.06+1.60 


4363 [O III] 


11.22+0.19 


6.88+0.58 


4388 He I 


0.40+0.08 




4471 He I 


3.90+0.10 


3.76+0.52 


4658 [Fe III] 


0.37+0.05 




4686 He II 


1.16+0.06 




4711 [Ariv] + Hel 


1.68+0.07 




4740 [Ar IV] 


0.86+0.06 




4861 H/3 


100.00+1.46 


100.00+2.00 


4921 He I 


0.96+0.05 




4959 [O m] 


109.47+1.58 


68.06+1.25 


4988 [Fe III] 


0.47+0.05 




5007 [O m] 


315.18+4.54 


198.83+3.33 


5199 [N I] 


0.26+0.05 




5518 [CI III] 


0.14+0.03 




5538 [CI in] 


0.08+0.03 




5876 He I 


10.82+0.17 


9.22+0.39 


6300 [O I] 


0.75+0.04 




6312 [S in] 


0.61+0.04 




6364 [O I] 


0.24+0.03 




6563 Ha 


273.80+4.28 


273.83+4.90 


6583 [N II] 


0.90+0.04 


1.01+0.31 


6678 He I 


2.57+0.06 


2.74+0.29 


6716 [S II] 


1.74+0.05 


2.59+0.32 


6731 [S II] 


1.65+0.05 


2.48+0.35 


7065 He I 


4.29+0.09 


1.89+0.29 


7136 [Arm] 


1.52+0.05 


1.07+0.24 


7281 He I 


0.62+0.04 




7320 [O II] 


0.58+0.04 




7330 [O II] 


0.43+0.04 






0.180 


0.140 


EW(H/3)) fl 


351 


298 


F(Uj3) b 


222.2 


16.0 


EW(abs) 


2.5 


4.2 


8 in A. 






b in units 10~ 16 erg s" 1 


cm 2 . 
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Table 2. Extinction-corrected emission line fluxes (high-resolution FORS observations) 





0335- 


-05 2E 




0335- 


-05 2W 




Line 


No. 1+2 


No. 7 


No. 1 


No. 2 


No. 3 


No. 4 


3727 [O II] 


21.81±0.34 


24.98+0.53 


75.20+2.55 


30.15+2.20 


79.16+7.95 


41.95+4.46 


3750 H12 


3.08±0.07 


5.84+0.49 










3771 Hll 


3.92±0.08 


6.32+0.45 










3797 H10 


5.39±0.10 


7.28+0.43 


5.65+0.11 


9.14+1.96 






3820 He I 


1.06±0.04 


0.91+0.19 










3835 H9 


7.30±0.13 


9.16+0.39 


7.02+0.13 


9.96+1.81 






3869 [Ne III] 


26.98±0.41 


15.86+0.35 


11.31+0.98 


12.43+1.07 






3889 He I + H8 


16.96±0.26 


20.75+0.48 


19.92+1.02 


24.69+1.61 




24.83+3.90 


3968 [Ne III] + H7 


25.56±0.39 


23.30+0.50 


13.52+0.96 


23.38+1.51 




25.28+4.25 


4026 He I 


1.79±0.04 


1.94+0.19 










4069 [S II] 


0.39±0.03 












4076 [S II] 














4101 m 


27. 11 ±0.40 


27.10+0.52 


26.61+1.09 


27.17+1.51 


32.76+6.79 


24.80+3.80 


4227 [Fe IV] 


0.25±0.04 












4340 Hy 


47.61±0.69 


46.39+0.76 


45.94+1.28 


46.85+1.50 


44.10+4.96 


43.27+2.76 


4363 [O III] 


11.33+0.17 


6.15+0.18 


3.33+0.58 


5.09+0.72 




2.51+0.80 


4388 He I 


0.40±0.02 












4471 He I 


3.77+0.06 


3.54+0.13 


3.55+0.32 


4.52+0.71 






4658 [Fe III] 


0.32±0.02 


0.40+0.09 










4686 He II 


1.33±0.03 


1.33+0.14 










4711 [Ariv]+Hel 


1.72±0.03 


0.80+0.09 










4740 [Ar IV] 


0.92±0.02 


0.44+0.12 










4861 Hy8 


100.00+1.42 


100.00+1.51 


100.00+2.01 


100.00+2.34 


100.00+5.42 


100.00+3.40 


4921 He I 


0.91+0.02 


0.87+0.10 










4959 [O III] 


101.50+1.44 


64.87+0.99 


43.23+1.02 


49.24+1.33 


22.91+2.56 


23.50+1.43 


4988 [Fe III] 


0.38+0.01 


0.60+0.08 










5007 [O III] 


303.19+4.31 


194.48+2.89 


130.20+2.52 


147.95+3.21 


71.23+3.74 


75.37+2.42 


5016 He I 


2.09+0.03 


2.06+0.10 


2.99+0.41 


2.50+0.58 






5199 [N I] 


0.28+0.01 












5518 [CI m] 


0.09+0.02 




... 


... 






5538 [CI in] 


0.07+0.02 




... 


... 






5755 [N II] 


0.06+0.01 












5876 He I 


10.48+0.16 


9.09+0.22 


9.02+0.75 


10.34+0.87 






6300 [O I] 


0.69+0.02 


0.75+0.12 










6312 [S in] 


0.59+0.02 


0.51+0.12 










6364 [O I] 


0.22+0.01 




... 


... 






6548 [N II] 


0.28+0.02 












6563 Ha 


272.75+4.20 


274.56+4.43 


279.19+5.65 


274.11+6.27 


289.06+11.70 


273.47+8.17 


6583 [N II] 


0.97+0.02 


0.85+0.13 


3.40+0.49 








6678 He I 


2.63+0.05 


2.55+0.15 


2.54+0.44 


... 






6716 [S II] 


1.89+0.04 


2.58+0.13 


6.89+0.59 


... 






6731 [S II] 


1.62+0.03 


1.95+0.14 


4.08+0.48 


... 






7065 He I 


4.46+0.08 


2.15+0.13 


2.20+0.41 


... 






7136 [Arm] 


1.57+0.03 


1.47+0.14 










7281 He I 


0.60+0.02 


0.75+0.14 










7320 [O II] 


0.57+0.02 


0.77+0.18 










7330 [O II] 


0.41+0.02 


0.34+0.11 










C(H£) 


0.135 


0.090 


0.485 


0.180 


0.115 


0.040 


EW(HyS))" 


337 


305 


93 


161 


53 


103 


F(H/3) b 


220.3 


16.2 


1.4 


1.2 


0.5 


0.8 


EW(abs) 


0.0 


4.6 


0.0 


4.0 


2.0 


5.8 



8 in A. 

* in units 10~ 16 erg s _1 cm -2 . 
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Table 3. Extinction-corrected weak emission line fluxes in SBS 0335-052E No. 1+2 (high-resolution FORS observations) 



Line 


Flux 11 


Line 


Flux" 


Line 


Flux D 


Line 


Flux" 


3530 He I 


0.10±0.10 


4169 He I+O II 


0.06+0.02 


4650 O II 


0.02+0.01 


5261 [Fe II] 


0.06+0.01 


3554 He I 


0.22±0.06 


4201 He II 


0.02+0.01 


4702 [Fe III] 


0.11+0.01 


5271 [Fe III] 


0.16+0.01 


3587 He I 


0.31±0.05 


4245 [Fe II] 


0.03+0.01 


4723 [Ne IV] 


0.02+0.01 


5297 O I 


0.04+0.01 


3614 He I 


0.22±0.04 


4267 C II 


0.02+0.01 


4734 [Fe III] 


0.03+0.01 


5411 He II 


0.10+0.01 


3635 He I 


0.45±0.06 


4287 [Fe II] 


0.15+0.02 


4755 [Fe III] 


0.06+0.01 


5513 O I 


0.03+0.01 


3683 H20 


0.20±0.02 


4320 O II 


0.03+0.01 


4769 [Fe III] 


0.03+0.01 


5577 O I 


0.01+0.01 


3687 H19 


0.38±0.03 


4348 O II 


0.04+0.01 


4788 N II 


0.05+0.01 


5958 Sin 


0.09+0.01 


3692 HI 8 


0.66±0.03 


4414 [Fe II] 


0.15+0.02 


4815 [Fe II]+SII 


0.07+0.01 


5979 Sin 


0.07+0.01 


3697 H17 


1.00±0.04 


4438 He I 


0.09+0.02 


4881 [Fein] 


0.12+0.02 


6046 O I 


0.06+0.01 


3704 H16 


1.82±0.04 


4452 [Fe II] 


0.06+0.02 


4890 [Fe II] 


0.09+0.02 


6347 Sin 


0.11+0.01 


3712 H15 


1.57+0.04 


4510 N III 


0.03+0.01 


4931 [O III] 


0.05+0.01 


6371 Sin 


0.09+0.01 


3722 H14+[S III] 


2.31±0.04 


4514 N III 


0.03+0.01 


5041 Si II 


0.20+0.01 


7002 O I 


0.08+0.02 


3734 H13 


2.24±0.04 


4536 N III 


0.01+0.01 


5047 He I 


0.20+0.01 


7170 [Anv] 


0.06+0.02 


3856 Si II 


0.07±0.02 


4549 N III 


0.04+0.02 


5056 Si II 


0.08+0.01 


7237 [Ar IV] 


0.04+0.01 


3927 He I 


0.09±0.02 


4563 [Mg I] 


0.03+0.01 


5112 [Fen] 


0.04+0.01 


7263 [Ar IV] 


0.05+0.01 


4009 He I 


0.18±0.02 


4571 Mg I 


0.05+0.02 


5146 [Fe VI] 


0.03+0.01 






4121 He I 


0.26+0.02 


4624 N II 


0.02+0.01 


5159 [Fe Il]+[Fe VII] 


0.08+0.01 






4143 He I 


0.27+0.02 


4634 N III 


0.01+0.01 


5176 [Fe VI] 


0.04+0.01 






4154 Oil 


0.06+0.02 


4642 N III 


0.03+0.01 


5191 [Arm] 


0.04+0.01 







" /(Hy3)=100. 
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Table 4. Extinction-corrected emission line fluxes (UVES observations) 



0335-052E 



Line 


No. 1+2° 


No. 1+2° 


No. 4+5° 


No. 4+5 c 


No. (l+2)+(4+5) D 


No. T 


0335-052W 6 


3346 [Ne V] 










0.24+0.00 






3425 [Ne V] 


0.97±0.17 




1.74+0.03 




0.57+0.01 






3727 [O II] 


24.84±0.39 


27.22+0.43 


24.03+0.44 


25.26+0.54 


26.19+0.41 


18.79+0.30 


52.06+0.89 


3750 H12 


4.14±0.08 


4.17+0.08 


2.75+0.15 


4.57+0.31 


3.47+0.09 


8.32+1.27 


5.60+0.27 


3771 Hll 


5.08±0.09 


4.81+0.09 


3.64+0.17 


5.01+0.28 


4.23+0.09 


5.73+3.23 


6.22+0.26 


3797 H10 


6.41+0.11 


6.21+0.11 


4.79+0.18 


6.68+0.31 


5.51+0.11 


8.82+1.47 


7.53+0.27 


3820 He I 


0.93±0.03 


0.92+0.03 






0.83+0.05 






3835 H9 


9.30±0.15 


8.28+0.14 


6.51+0.19 


9.30+0.32 


7.61+0.13 


10.96+1.21 


9.20+0.26 


3869 [Ne ill] 


25.02±0.38 


23.41+0.36 


21.75+0.37 


25.21+0.46 


23.37+0.36 


12.24+0.59 


9.19+0.20 


3889 He I + H8 


18.24±0.28 


17.04+0.27 


16.63+0.34 


17.80+0.42 


16.46+0.27 


16.36+0.94 


20.05+0.42 


3968 [Ne III] + H7 












7.40+1.08 




4026 He I 


1.70+0.04 


1.63+0.04 


1.34+0.11 


1.64+0.17 


1.67+0.06 




1.31+0.12 


4069 [S II] 


0.36±0.02 


0.31+0.02 






0.30+0.03 






4076 [S II] 


0.13+0.01 














4101 Hc5 


27.92±0.42 


26.22+0.39 


23.67+0.40 


28.84+0.53 


25.64+0.39 


24.88+0.92 


26.59+0.46 


4227 [Fe V] 


0.81±0.06 


1.34+0.11 






0.76+0.12 






4340 Hy 


48.02±0.70 


47.97+0.70 


48.77+0.73 


49.42+0.77 


48.31+0.70 


46.87+1.00 


47.41+0.73 


4363 [O III] 


10.84±0.16 


10.92+0.17 


11.22+0.23 


12.49+0.28 


11.11+0.18 


7.55+0.65 


3.92+0.15 


4388 He I 


0.41±0.02 


0.51+0.02 






0.44+0.02 






4471 He I 


3.58±0.06 






3.43+0.12 








4658 [Fe III] 


0.34±0.02 














4686 He II 


2.78±0.05 






4.36+0.17 








4711 [Ariv] + Hel 
















4740 [Ar IV] 


0.93±0.03 


0.90+0.01 


0.84+0.03 


1.12+0.05 


0.85+0.02 






4861 HyS 


100.00±1.43 


100.00+1.43 


100.00+1.43 


100.00+1.45 


100.00+1.42 


100.00+1.56 


100.00+1.46 


4921 He I 


0.81±0.03 


0.93+0.02 


0.71+0.02 


0.94+0.06 


0.85+0.02 




0.97+0.04 


4959 [O III] 


101.66±1.45 


103.51+1.48 


110.60+1.58 


111.20+1.61 


107.84+1.53 


82.38+1.32 


45.84+0.68 


4988 [Fe III] 
















5007 [O III] 


311.02±4.44 


309.37+4.41 


337.19+4.81 


332.42+4.79 


326.75+4.65 


247.58+3.81 


137.25+2.00 


5016 He I 


1.86±0.04 


1.77+0.03 


1.73+0.03 


1.71+0.06 


1.70+0.03 


1.79+0.13 


1.96+0.04 


5199 [N I] 
















5518 [CI m] 


0.13±0.03 


0.11+0.01 






0.12+0.01 






5538 [CI in] 


0.05±0.02 


0.06+0.00 






0.07+0.01 






5755 [N II] 
















5876 He I 


9.22±0.15 


11.70+0.18 


8.54+0.13 


9.26+0.17 


10.74+0.16 


9.78+0.31 


8.88+0.15 


6300 [O I] 


0.67+0.03 


0.86+0.02 


0.60+0.02 


0.75+0.04 


0.80+0.02 


0.96+0.11 


1.23+0.04 


6312 [S in] 


0.55±0.03 


0.67+0.02 


0.56+0.02 


0.64+0.06 


0.65+0.02 




0.74+0.05 


6364 [O I] 


0.23±0.02 


0.29+0.01 


0.22+0.02 


0.21+0.03 


0.27+0.01 




0.36+0.03 


6548 [N II] 


0.26±0.02 


0.42+0.01 


0.27+0.01 


0.28+0.02 


0.36+0.01 




0.60+0.02 


6563 Ha 


273.64+4.24 


272.68+4.22 


274.28+4.24 


272.73+4.25 


273.10+4.21 


274.73+4.52 


275.55+4.34 


6583 [N II] 


0.94+0.04 


1.19+0.02 


0.79+0.03 


0.86+0.05 


1.08+0.03 


0.77+0.14 


1.91+0.06 


6678 He I 


2.62+0.05 


3.04+0.05 


2.49+0.05 


2.56+0.05 


2.97+0.05 


2.58+0.09 


2.41+0.06 


6716 [S II] 


1.89+0.05 


2.01+0.03 


1.82+0.04 


1.62+0.04 


1.98+0.03 


2.10+0.08 


4.97+0.10 


6731 [S II] 


1.34+0.05 






1.32+0.04 




1.41+0.07 




7065 He I 


4.17+0.07 






2.75+0.06 




2.02+0.10 




7136 [Arm] 


1.88+0.03 






1.45+0.04 




1.23+0.12 




7281 He I 


0.69+0.02 






0.57+0.03 








7320 [O II] 


0.64+0.02 






0.38+0.03 








7330 [O II] 


0.54+0.01 






0.38+0.03 








9069 [S in] 


4.63+0.14 






2.80+0.18 




2.34+0.06 




com 


0.140 


0.010 


0.140 


0.140 


0.010 


0.050 


0.055 


EW(Hj8)) rf 


201 


332 


104 


108 


182 


280 


122 




747.7 


368.4 


153.3 


256.7 


499.6 


39.2 


14.5 


EW(abs) 


0.8 


2.2 


0.3 


0.2 


0.7 


5.3 


2.5 



" ESO program 71.B-0055(A) 
* ESO program 70.B-07 17(A) 
c ESO program 68.B-03 10(A) 
rf in A. 



e in units 10 16 erg s 1 cm 2 . 



Y.I.Izotov et al.: SBS 0335-052E+W: deep VLT/FORS+UVES spectroscopy, Online Material p 5 



Table 5. Ionic and total element abundances (low-resolution FORS observations) 





0335- 


-052E 


Property 


No. 1+2 


No. 7 


T e (0 III), K 


20549±264 


20243±1058 


r„(0 II), K 


16356+185 


16320±753 


r e (S III), K 


18755+219 


18502+878 


N e ([S II]), cm- 3 


541±97 


564+525 



+ /H + , (xlO 5 ) 
2+ /H + , (xlO 5 ) 
3+ /H + , (xlO 6 ) 
O/H, (xlO 5 ) 
12+log O/H 

Ne 2+ /H + , (xlO 6 ) 
/CF(Ne) 
Ne/H, (xlO 6 ) 
log Ne/O 

N+/H+, (xlO 7 ) 
/CF(N) 
N/H, (xlO 7 ) 
log N/O 

S+/H+, (xlO 7 ) 
S 2+ /H + , (xlO 7 ) 
7CF(S) 
S/H, (xlO 7 ) 
log S/O 

Cl 2+ /H + , (xlO 8 ) 
7CF(C1) 
Cl/H, (xlO 8 ) 
log Cl/O 

Ar 2+ /H + , (xlO 7 ) 
Ar 3+ /H + , (xlO 7 ) 
ICF(Ai) 
Ar/H, (xlO 7 ) 
log Ar/O 

Fe 2+ /H + , (xl0 7 )(4658) 
/CF(Fe) 

Fe/H, (xl0 7 )(4658) 
log Fe/O (4658) 

Fe 2+ /H + , (xl0 7 )(4988) 
/CF(Fe) 

Fe/H, (xl0 7 )(4988) 
log Fe/O (4988) 



0.174+0.006 
1.722+0.053 
0.220+0.013 
1.918+0.053 
7.28+0.01 

2.912+0.092 

1.03 
3.011+0.102 
-0.80+0.02 

0.563+0.021 

10.21 
5.818+0.234 
-1.52+0.02 

0.298+0.008 

I. 680+0.111 

2.22 
4.440+0.248 
-1.64+0.03 

0.348+0.075 

1.38 
0.480+0.103 
-3.60+0.09 

0.426+0.014 
0.413+0.028 

2.14 
0.912+0.068 
-2.32+0.03 

0.572+0.073 

15.25 
8.729+1.119 
-1.34+0.06 

0.724+0.073 
15.25 

II. 050+1.118 
-1.24+0.05 



0.192+0.030 
1.116+0.132 

1.308+0.135 
7.12+0.04 

2.153+0.289 

1.05 
2.255+0.339 
-0.76+0.08 

0.633+0.158 

6.52 
4.126+1.077 
-1.50+0.12 

0.446+0.056 



0.308+0.069 

1.53 
0.471+0.106 
-2.44+0.11 
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Table 6. Ionic and total element abundances (high-resolution FORS observations) 



0335-O52E 



0335-052W 



Property 


JNO. I+Z 


JNO. / 


JNO. 1 


JNO. Z 


JNo. j 


JNO. 4 


T e (0 III), K 


21314±257 


19281+352 


17188+1557 


20273+1771 


20000+1048 


20059+3899 


T e (0 II), K 


16407+171 


16145+263 


15452+1268 


16323+1259 


16284+1329 


16293+2804 


T e (S III), K 


19390+213 


17703+292 


15966+1293 


18526+1470 


18300+870 


18349+3236 


N e ([S II]), cm- 3 


316±54 


100+118 


100 


100 


100 


100 


+ /H + , (xlO 5 ) 


0.156±0.004 


0.183+0.008 


0.623+0.131 


0.212+0.042 


0.561+0.124 


0.297+0.127 


2+ /H + , (xlO 5 )" 


1.526+0.044 


1.119+0.052 


1.032+0.226 


0.822+0.162 


0.403+0.052 


0.421+0.185 


2+ /H + , (xlO 5 ) 6 


1.500+0.750 












3+ /H + , (xlO 6 ) 


0.230+0.009 


0.204+0.025 










O/H, (xlO 5 ) 


1.705+0.044 


1.403+0.053 


1.654+0.262 


1.034+0.167 


0.965+0.134 


0.718+0.224 


12+log O/H 


7.23+0.01 


7.15+0.02 


7.22+0.07 


7.01+0.07 


6.98+0.06 


6.86+0.14 


Ne 2+ /H + , (xlO 6 ) 


2.960+0.084 


2.189+0.099 


2.078+0.480 


1.526+0.306 






/CF(Ne) 


1.03 


1.05 


1.14 


1.07 






Ne/H, (xlO 6 ) 


3.064+0.094 


2.291+0.116 


2.375+0.077 


1.629+0.384 






log Ne/O 


-0.74+0.02 


-0.79+0.03 


-0.84+0.16 


-0.80+0.12 






N + /H + , (xlO 7 ) 


0.600+0.015 


0.543+0.067 


2.364+0.426 








/CF(N) 


10.21 


7.29 


2.68 








N/H, (xlO 7 ) 


6.126+0.163 


3.958+0.514 


6.339+1.132 








log N/O 


-1.44+0.02 


-1.55+0.06 


-1.42+0.10 









S + /H + ,(xl0 7 ) 
S 2+ /H + ,(xl0 7 ) 
ICF(S) 
S/H, (xlO 7 ) 
log S/O 

Cl 2+ /H + , (xlO 8 ) 
/CF(C1) 
Cl/H, (xlO 8 ) 
log Cl/O 

Ar 2+ /H + , (xlO 7 ) 
Ar 3+ /H + , (xlO 7 ) 
ICF(Ai) 
Ar/H, (xlO 7 ) 
log Ar/O 

Fe 2+ /H + , (xl0 7 )(4658) 
/CF(Fe) 

Fe/H, (xl0 7 )(4658) 
log Fe/O (4658) 

Fe 2+ /H + , (xl0 7 )(4988) 
/CF(Fe) 

Fe/H, (xl0 7 )(4988) 
log Fe/O (4988) 



0.299+0.006 
1.486+0.056 

2.20 
3.937+0.124 
-1.64+0.02 

0.249+0.035 

1.38 
0.343+0.048 
-3.70+0.06 

0.417+0.009 
0.412+0.012 

2.12 
0.885+0.033 
-2.28+0.02 

0.498+0.029 

15.08 
7.506+0.434 
-1.36+0.03 

0.589+0.026 

15.08 
8.875+0.386 
-1.28+0.02 



0.387+0.019 
1.621+0.394 

1.72 
3.464+0.681 
-1.61+0.08 



0.448+0.043 
0.244+0.069 

1.65 
0.739+0.134 
-2.28+0.08 

0.644+0.150 

10.53 
6.787+1.585 
-1.32+0.10 

0.961+0.131 

10.53 
10.120+1.380 
-1.14+0.06 



8 Derived from the fluxes of the [O III] /14959, 5007 emission lines. 
* Derived from the flux of the O II /14650 recombination emission line. 
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Table 7. Ionic and total element abundances (UVES observations) 









0335 


-052E 








Property 


No. 1+2" 


No. 1+2° 


No. 4+5° 


No. 4+5 c 


No. (l+2)+(4+5) D 


No. T 


0335-052W* 


T e (0 III), K 


20487+240 


20585+246 


19915+283 


21386+349 


20158+239 


18892+945 


18196+390 


T e (0 II), K 


16349+169 


16360+172 


16270+205 


16409+232 


16308+171 


16049+719 


15839+306 


T e (S III), K 


18704+199 


18786+204 


18229+235 


19450+290 


18431+199 


17381+784 


16802+324 


N e ([S II]), cm- 3 


100 


100 


100 


218+65 


100 


100 


100 



OVH+, (xlO 5 ) 
2+ /H + , (xlO 5 ) 
3+ /H + , (xlO 6 ) 
O/H, (xlO 5 ) 
12+log O/H 

Ne 2+ /H + , (xlO 6 ) 
/CF(Ne) 
Ne/H, (xlO 6 ) 
log Ne/O 

N+/H+, (xlO 7 ) 
7CF(N) 
N/H, (xlO 7 ) 
log N/O 



0.174+0.005 
1.684+0.048 
0.562+0.021 
1.914+0.048 
7.28+0.01 

2.999+0.085 

1.04 
3.117+0.097 
-0.79+0.02 

0.590+0.022 

10.28 
6.059+0.238 
-1.50+0.02 



S + /H + , (xlO 7 ) 
S 2+ /H + , (xlO 7 ) 
7CF(S) 
S/H, (xlO 7 ) 
log S/O 

Cl 2+ /H + , (xlO 8 ) 
/CF(C1) 
Cl/H, (xlO 8 ) 
log Cl/O 

Ar 2+ /H + , (xlO 7 ) 
Ar 3+ /H + , (xlO 7 ) 
/CF(Ar) 
Ar/H, (xlO 7 ) 
log Ar/O 

Fe 2+ /H + , (xl0 7 )(4658) 
/CF(Fe) 

Fe/H, (xl0 7 )(4658) 
log Fe/O (4658) 

Fe 2+ /H + , (xl0 7 )(4988) 
/CF(Fe) 

Fe/H, (xl0 7 )(4988) 

log Fe/O (4988) 

a ESO program 71.B-0055(A). 
* ESO program 70.B-0717(A). 
c ESO program 68.B-03 10(A). 



0.267+0.007 
1.521+0.100 

2.22 
3.963+0.223 
-1.68+0.03 

0.298+0.056 

1.38 
0.410+0.078 
-3.67+0.08 

0.525+0.011 
0.451+0.015 

2.13 
1.120+0.039 
-2.23+0.02 

0.526+0.026 

15.18 
7.986+0.397 
-1.38+0.02 



0.190+0.006 
1.668+0.048 

1.859+0.049 
7.27+0.01 

2.776+0.080 

1.03 
2.871+0.089 
-0.81+0.02 

0.740+0.017 

9.18 
6.795+0.016 
-1.44+0.02 

0.166+0.004 
1.829+0.061 

2.03 
4.060+0.124 
-1.66+0.02 

0.272+0.013 

1.32 
0.361+0.017 
-3.71+0.02 



0.171+0.006 
1.936+0.066 

2.106+0.066 
7.32+0.01 

2.782+0.096 

I. 03 
2.862+0.104 
-0.87+0.02 

0.500+0.018 

II. 47 
5.735+0.217 
-1.56+0.02 

0.152+0.004 
1.657+0.085 

2.41 
4.368+0.206 
-1.68+0.02 



0.179+0.007 
1.661+0.062 
0.908+0.050 
1.931+0.063 
7.28+0.01 

2.746+0.102 

1.04 
2.870+0.119 
-0.83+0.02 

0.532+0.027 

10.09 
5.373+0.288 
-1.56+0.03 

0.248+0.007 
1.601+0.155 

2.19 
4.043+0.338 
-1.68+0.04 



0.383+0.012 
0.495+0.026 

2.10 
0.806+0.062 
-2.38+0.04 



0.185+0.006 
1.832+0.053 

2.017+0.053 
7.30+0.01 

2.906+0.084 

1.03 
2.998+0.093 
-0.83+0.02 

0.680+0.017 

10.20 
6.933+0.185 
-1.46+0.02 

0.165+0.004 
1.857+0.075 

2.20 
4.457+0.166 
-1.66+0.02 

0.317+0.024 

1.38 
0.436+0.033 
-3.66+0.04 



0.139+0.015 
1.593+0.185 

1.732+0.186 
7.24+0.05 

1.774+0.212 

I. 03 
1.824+0.231 
-0.98+0.07 

0.496+0.080 

II. 58 
5.751+1.001 
-1.48+0.09 



0.385+0.040 

2.35 
0.904+0.095 
-2.28+0.06 



0.400+0.020 
0.959+0.050 

1.359+0.054 
7.13+0.02 

0.297+0.127 

I. 03 
0.297+0.127 
-0.98+0.07 

0.297+0.127 

II. 58 
0.297+0.127 
-1.48+0.09 

0.435+0.014 
2.713+0.215 

1.10 
3.474+0.238 
-1.59+0.03 
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Table 8. Helium abundances 











0335- 


-052E 








Property 




No. 1+2" 


No. 1+2" 


No.l+2 c 


No.4+5 c 


No.7" 


No.7" 


0335-052W* 


a) Benjamin et al. (2002) emissivities 


A7(Ha)//(Ha) 




0.0004 


0.0013 


0.0177 


0.0007 


0.0500 


0.0491 


0.0490 


r e (He + ) 




19520 


20250 


20410 


20330 


19110 


18970 


17030 


A^(He + ) 




162 


132 


53 


12 


12 


10 


14 


r(/i3889) 




4.59 


5.01 


5.01 


1.24 


0.01 


0.02 


0.02 


v+^4471) 





0834±0.0021 


0.0820±0.0013 


0.0827±0.0013 


0.0834±0.0028 


0.0858±0.0118 


0.0812±0.0030 


0.0935±0.0086 


y + (^5876) 





0852±0.0014 


0.0839±0.0013 


0.0777±0.0012 


0.0798±0.0015 


0.0816±0.0035 


0.0802±0.0020 


0.0780±0.0065 


j + (^6678) 





0768±0.0017 


0.0798±0.0014 


0.0818±0.0017 


0.0792±0.0016 


0.0876±0.0092 


0.0812±0.0049 


0.0791±0.0137 


y wm 





0822±0.0010 


0.0821±0.0008 


0.0805±0.0008 


0.0801±0.0010 


0.0826±0.0031 


0.0806±0.0016 


0.0831 ±0.0048 


y 2+ 014686) 





0011±0.0001 


0.0012±0.0000 


0.0026±0.0000 


0.0041 ±0.0002 




0.0012±0.0001 




ICF 




0.9936 


0.9935 


0.9933 


0.9928 


0.9928 


0.9929 


0.9896 


y(A4471) 





0839±0.0021 


0.0827±0.0013 


0.0848±0.0013 


0.0868±0.0028 


0.0852±0.0117 


0.0818±0.0030 


0.0926±0.0085 


v(^5876) 





,0857±0.0014 


0.0846±0.0013 


0.0798±0.0012 


0.0833±0.0015 


0.0811 ±0.0035 


0.0809±0.0020 


0.0772±0.0064 


y(A6678) 





0774±0.0017 


0.0805±0.0014 


0.0838±0.0017 


0.0827±0.0016 


0.0870±0.0092 


0.0819±0.0049 


0.0783±0.0135 


y\vm 





0828±0.0010 


0.0828±0.0008 


0.0825±0.0008 


0.0835±0.0010 


0.0820±0.0031 


0.0812±0.0016 


0.0822±0.0048 


Y 





2486±0.0030 


0.2486±0.0024 


0.2481 ±0.0024 


0.2503±0.0032 


0.2470±0.0097 


0.2452±0.0049 


0.2474±0.0148 


b) Porter et al. (2005) emissivities 


A/(Hff)//(Hff) 




0.0010 


0.0027 


0.0322 


0.0002 


0.0488 


0.0493 


0.0497 


r c (He + ) 




19520 


20260 


20360 


20330 


19060 


18850 


16910 


iV e (He + ) 




197 


162 


86 


10 


11 


11 


11 


r(/i3889) 




4.52 


5.00 


5.01 


1.44 


0.02 


0.02 


0.04 


y + (A4471) 





0853±0.0021 


0.0841+0.0013 


0.0849±0.0013 


0.0862±0.0028 


0.0884±0.0118 


0.0835±0.0030 


0.0958±0.0086 


y + (,15876) 





0860±0.0014 


0.0848±0.0013 


0.0792±0.0012 


0.0816±0.0015 


0.0835±0.0035 


0.0820±0.0020 


0.0800±0.0065 


y + (.16678) 





.0771 ±0.00 17 


0.0800±0.0014 


0.0831±0.0017 


0.0796±0.0016 


0.0882±0.0092 


0.0818±0.0049 


0.0803±0.0137 







0831±0.0010 


0.0831 ±0.0008 


0.0821 ±0.0008 


0.0814±0.0010 


0.0844±0.0031 


0.0824±0.0016 


0.0851 ±0.0048 


y 2+ (A46S6) 





0011±0.0001 


0.0012±0.0000 


0.0026±0.0000 


0.0041 ±0.0002 




0.0012±0.0001 




ICF 




0.9936 


0.9935 


0.9933 


0.9928 


0.9928 


0.9929 


0.9896 


y0*4471) 





0858±0.0021 


0.0848±0.0013 


0.0869±0.0013 


0.0897±0.0028 


0.0877±0.0117 


0.0842±0.0030 


0.0948±0.0085 


y(,l5876) 





0865±0.0013 


0.0854±0.0012 


0.0812±0.0012 


0.0851±0.0015 


0.0829±0.0035 


0.0827±0.0020 


0.0792±0.0064 


y(^6678) 





0776±0.0017 


0.0807±0.0014 


0.0851±0.0017 


0.0831±0.0016 


0.0876±0.0091 


0.0825±0.0049 


0.0794±0.0135 


ywm 





0836±0.0009 


0.0838±0.0008 


0.0842±0.0008 


0.0849±0.0010 


0.0838±0.0031 


0.0831±0.0016 


0.0842±0.0048 


Y 





2506±0.0029 


0.2510±0.0023 


0.2518±0.0024 


0.2533±0.0031 


0.2509±0.0096 


0.2493±0.0048 


0.2518±0.0148 



8 low-resolution FORS observations. 
b high-resolution FORS observations. 
c UVES observations. 



